Changes in the diet composition of Pygmy Cormorant Phalacrocorax pygmeus on Skadar lake (Southern Montenegro)
Introduction
Skadar Lake, with up to 540 km 2 of water surface in the winter, is the largest lake of the Balkan Peninsula, situated between Montenegro (two thirds of the lake) and Albania (one third of the lake). The lake is a very important site for the breeding, wintering and passage of waterbirds. Up to 250,000 individuals of waterbirds winter on the lake (Vasi} et al. 1992) . Skadar Lake supports one of the world's largest populations of Pygmy Cormorant Phalacrocorax pygmeus. The breeding population of this species on Skadar Lake was estimated at over 2,000 pairs in 2005 (Savelji} 2006 ) and 1,260 pairs in 2006 (Vizi 2009 ). These figures comprise about 5−8% of the regional population of SE Europe & Turkey (Delany & Scott 2006) .
Data on the diet of Pygmy Cormorant are rather sparse (Cramp 1998) . The main diet comprises fish up to 15 cm long (del Hoyo et al. 1992 , Cramp 1998 , besides a small contribution of amphibians and insects (Platteeuw et al. 2004) . In general, cormorants are notoriously recognized as a threat to fishery. However, research showed that Pygmy Cormorant poses no threat to commercial fish populations in Skadar Lake (Vizi 1981) .
The first sampling and analysis of the Pygmy Cormorant's diet at Skadar Lake was performed by O. Vizi in the 1973 Vizi in the −1975 period, but the results were not published. The analysis of these data and of new data collected during 2006 is presented here.
Methods

Study area
At Skadar Lake, Pygmy Cormorants breed in a single colony, at the locality called Crni @ar ( 42°15' 23.18''N, 19°18'58.37 ''E; UTM CM68) (Figure 1 (Vizi 1997b) . The water in this locality is very shallow, warm and turbid, which, together with the dense vegetation, makes the colony very hard to reach.
The colony at Crni @ar was discovered in 1977, with the Cormorant Phalacrocorax carbo as the pioneer species. The first breeding of Pygmy Cormorant was confirmed in 1991, when the colony numbered about 600 nests (Vizi 1997a) . However, although the location of Pygmy Cormorant's breeding site was unknown prior to 1991, they had certainly bred there well before. [oti et al. (1981) claimed that, according to the species' daily movements and distribution on Skadar Lake, the colony must be located in the inaccessible area near the Albanian border. In 1992, Little Egret and Squacco Heron joined the colony, which has been growing ever since (Vizi 1997a) .
Materials and methods
The first sampling of the Pygmy Cormorant's diet in the 1973−1975 period included stomach content analysis. These data are kept in the archive of the Natural History Museum of Montenegro. A total of 214 birds were hunted down, or obtained from hunters and fishermen in that period. Bird specimens were at that time mostly collected at the shallow localities of the northern swamp, which includes several freshwater tributaries. The birds were hunted down on their daily roosts and feeding sites. Each bird's stomach contents were separately extracted, drained, sorted and measured on an electronic scale with 0.1 g precision. The greater part of the stomach contents consisted of fish, with traces of herbal components and insects, all in different stages of digestion. Determination of fish remnants was accomplished on the basis of preserved morphological characters, to the lowest taxon possible, while other elements were omitted from further analysis. For the purpose of this research, we took into consideration only 64 birds, collected from April to August -the breeding period of the species (Vizi 1997a) .
The diet analysis in 2006 was based on the collection of fish samples regurgitated or accidentally dropped during the feeding of nestlings. A total of 98 specimens were collected. Sampling was performed , at its end, in order to reduce disturbance impact. Samples were collected manually and fixed in 4% formaldehyde. The standard length measurement (SL) and taxonomic determination was accomplished on the basis of preserved morphological characters, according to Ivanovi} (1973) and Simonovi} (2001) . The Goldfish Carassius auratus specimens were classified into two different age classes according to Mari} (1998) . Wet measured weight of stomach is a poor source for quantitative food intake estimation because diet items are greatly damaged by digestion. This also applies to regurgitated samples. Instead, we used the calculated value of daily fish intake, based on the birds' energy requirements. For the estimation of fish consumption by Pygmy Cormorants, we used the value of daily fish intake of 200 g, calculated during a similar research at the Danube delta. The equation took into consideration the allometric relationship between body mass, caloric value of fish flesh and assimilation efficiency in piscivorous birds (Platteeuw et al. 2004 ).
Results
Pygmy Cormorant's diet in the 1973-1975 period
A total of 11 fish species belonging to five families were found in the Pygmy Cormorant's diet, based on samples from the 1973−1975 period. The most abundant were Roach Rutilus ohridanus, Albanian Roach Pachychilon pictum, Freshwater Blenny Blennius fluviatilis, and European Bitterling Rhodeus amarus, all of them exceeding 10% of the total number of specimens in the samples (Table 1) .
The mean weight of stomach contents measured in the wet state ranged from 28.2 to 59.4 g per month and showed a statistically marginally significant increase in food consumption (linear slope > 0; P = 0.0967) from April to August, which corresponds to the Pygmy Cormorant's breeding period (Figure 2 ).
Pygmy Cormorant's diet in 2006
Of a total of 98 fish specimens collected in 2006, 83 belonged to Goldfish. This species comprised 84.7% of all prey items taken by Pygmy Cormorants. Five other fish species were found in only low quantities (< 10%). The results of the taxonomic analysis of all collected fish specimens are presented in Table 2 .
Age class analysis of Goldfish shows that Pygmy Cormorant consumed mostly immature specimens of the class 0 + (younger than one year), and occasionally 1 + (between one and two years). No older specimens were found in the sample. Juvenile specimens belonging to the class 0 + (45−90 mm) comprised 89.0% of total Goldfish compound.
Based on the daily fish intake of 200 g and population figures for 2006, it can be estimated that the current Pygmy Cormorant population on Skadar Despite the relatively small sample size, it can be concluded that Goldfish became the major prey item of Pygmy Cormorant. Goldfish is believed to have been introduced intentionally to Skadar Lake in the 1970s, since the first catch occurred in 1973 (Mari} 1995) . Similarly, European Perch and Topmouth Gudgeon appeared in Skadar Lake in the late 1970s (Mari} & Krivokapi} 1997) , and have adapted successfully ever since. In the light of the much more varied diet in 1973−1975, this fact suggests that Pygmy Cormorant is not affected by the changes in composition of the fish community. Being a nonspecific fish eater, Pygmy Cormorant diet reflects the composition of fish populations in the lake's littoral zone. The prevalence of Goldfish based on samples from 2006 can be interpreted in terms of its ecological traits. Most fish species start their reproduction in spring, from March to June, depending on water temperature (Jankovi} 1971 , Ivanovi} 1973 & Kne`evi} 1984 . The Goldfish reproductive period spans the warm part of the year because its reproductive cycle can be triggered by seven other species of cyprinid fish (Mari} 1998) . This means that Goldfish is the most abundant in the shallow littoral zone where spawning takes place, and therefore heavily exploited by Pygmy Cormorants, which are known to hunt in shallow waters (Cramp 1998, own data) . The presence of species like Freshwater Blenny and European Bitterling in the 1970s research confirms the Pygmy Cormorant to be a littoral hunter, since these fish species inhabit small freshwater streams in the shallow northern part of the lake. The most abundant fish in Skadar Lake at the time, Bleak Alburnus scoranza, did not equally feature in the diet owing to its dispersion in the pelagial zone of the lake during the birds' breeding season (Ivanovi} 1968, this study) . Adult Pygmy Cormorants are observed hunting all over the littoral zone of Skadar Lake during the breeding season (Vizi & Dubak 2008) , which confirms not only that regurgitated samples do not necessarily origin from the colony or adjacent localities, but also that changes in the composition of fish community occurred throughout the littoral zone. The Pygmy Cormorant's breeding period corresponds to the spawning period of Skadar Lake fishes. They start building nests there in April and to lay eggs in June (Vizi 1997a) . The incubation period is 27−30 days (Cramp 1998) , which suggests that the period of intensive feeding of the nestlings begins in July and lasts till the end of August (Vizi 1997a) . In 2006, most of the samples were collected during the first visit on 7 Jun. The second visit, on 21 Jul, yielded only few samples, suggesting that Pygmy Cormorant had already passed the peak of the breeding season. However, a number of nests at the colony still contained young nestlings and un-hatched eggs. In general, this is consistent with the increase in the stomach contents' mean weight in the latter part of the breeding season.
The annual catch of Goldfish is roughly estimated at over 200 t (Mari} 1995) , based on the obsolete commercial catch statistics. Pygmy Cormorant's consumption of this fish during the breeding season, calculated from its energy requirements, amounts to 38 t. Another fact that excludes the suggestion of competition with fishermen on Skadar Lake is that Pygmy Cormorant forages mostly on immature specimens, which are not being caught by fishing gear as being undersized and inaccessible swamp dwellers. The research proves that Pygmy Cormorant apparently hunts the most abundant species in the littoral zone of the lake, which is generally beneficial for the lake ecosystem. Due to the fact that, as a piscivorous bird, it occupies a high trophic level in the food chain, its diet changes indicate deep and comprehensive changes in the ecosystem of Skadar Lake, which need to be investigated separately.
Povzetek
Avtorja ~lanka sta na Skadrskem jezeru preu~evala spremembe v prehrani pritlikavega kormorana Phalacrocorax pygmeus, ribojede vrste, ki izbira predvsem med ribami, dolgimi do 15 cm. [tudija je hkrati potrdila, da pritlikavi kormoran ni vrstno specifi~en plenilec in da ga niso prizadele spremembe v sestavi ribje zdru`be v obre`nem pasu jezera. Avtorja ocenjujeta, da so leta 2006, v obdobju najbolj intenzivnega hranjenja (junij−avgust), pritlikavi kormorani v Skadrskem jezeru pojedli 45 t rib.
